OBJECTIVES: Stair climbing is considered the first step for functional evaluation of patients requiring anatomical lung resection who have low-predicted postoperative forced expiratory volume in the first second of expiration (FEV1) or diffusing capacity of the lungs for carbon monoxide (DLCO) values. Nevertheless, stair climbing is not performed in many centres because of structural issues or patient safety concerns. We hypothesized that comparable exercise can be obtained on an ergometric bicycle in a safer environment where any adverse event can be treated. We tried to correlate the amount of exercise performed by stair climbing and by using an ergometric bicycle in a series of patients with non-small-cell lung cancer (NSCLC) evaluated prospectively.
INTRODUCTION
Per the last American College of Chest Physicians guidelines [1] on preoperative evaluation for lung resection, two low-technology tests were recommended for identifying patients with a low risk of cardiorespiratory complications and death despite the diffusing capacity of the lungs for carbon monoxide (DLCO) or forced expiratory volume in the first second of expiration (FEV1) predicted postoperative values between 30 and 60% of normal.
These two low-technology tests are the symptom-limited stairclimbing test [2] and the shuttle walking test [3] .
Climbing 22 m on the stairs, approximately 7 floors, means that the patient has a 16% risk of suffering a cardiorespiratory postoperative complication and 1% risk of death in the immediate postoperative period of any anatomical lung resection. Patients reaching this altitude are deemed operable without the need for a more complex evaluation: the formal cardiopulmonary exercise test with oxygen consumption measurement [1] . Nevertheless, the stair-climbing test is not generalized due to lack of standardization and, more importantly, to safety issues †Presented at the 24th European Conference on General Thoracic Surgery, Naples, Italy, 29 May-1 June 2016. because the test is not performed in a controlled environment [4] . Therefore, in case of an emergency, the test should be stopped at any place along the stair, and evaluation and treatment should be initiated there until the patient can be properly transported to a fully equipped room.
Some authors have modified the original symptom-limited, stair-climbing test [5] or analysed parameters other than the reached altitude [6] , trying to simplify the test while maintaining the same risk-assessing predictive capacity. Although these modifications have a good relation with the measured VO 2 max, the potential risks of performing the test away from a safe laboratory refrain investigators in many centres from using it. A simple, reproducible and static exercise test capable of identifying low-risk patients without attempting oxygen consumption measurement performed in a safe environment could help to solve that problem. The objective of this investigation was to correlate the amount of exercise performed by patients during a symptom-limited stairclimbing test with the exercise performed on an ergometric bicycle during a 15-min incremental protocol on a series of patients with non-small-cell lung cancer prospectively evaluated.
METHODS

Studied population
This prospective study was performed on 34 consecutive NSCLC patients with non-small-cell lung cancer referred for an anatomical lung resection who had no physical nor mental limitations that would impede their ability to understand and follow the instructions when performing the exercises. All of them underwent a complete preoperative evaluation according to the current guidelines [1] , including basal and forced spirometry and measurement of DLCO adjusted for haemoglobin. ppoFEV1 and ppoDLCO were calculated using the formula that takes into consideration the number of segments to be resected and the number of segments already non-ventilated [1] . In patients with chronic obstructed pulmonary disease, bronchodilator therapy was optimized during the first outpatient consultation. A cardiac consultation was also included in the evaluation per the calculated thoracic revised cardiac risk index [7] . All patients were recruited during a 4-month period between June and October 2015.
Only patients considered fit for surgical resection were offered the opportunity to enter the study, and only those who agreed to participate were finally included in the study. All patients signed an informed consent to participate. This study was approved by the local institutional review board.
Low-technology tests
All patients were asked to perform a symptom-limited, stairclimbing test [2] on a preconditioned stair, accompanied by the same team of doctors. The test was performed according to the published instructions [2] . Patients were asked to climb as high as possible at their own rate without stopping (stopping meant the end of the test). The test was terminated when the patient was exhausted or when the person reached a height of 27 m. Patient warm-up was performed for 3 min in an exercise peddler immediately before the test. The height of the stair was measured at various levels to accurately determine the altitude reached by the patient. Peripheral oxygen saturation and heart rate were continuously monitored. The accompanying staff was prepared to halt the test if the patient s condition required it and to provide medical assistance if needed.
Once they had rested, patients were asked to perform the new low-technology test in a LODE CORIVAL ergometric bicycle in the physiotherapy facility according to the following protocol: During an initial warm-up period of 3 min, the patient pedalled at his or her own rate without any load; immediately thereafter, the incremental phase started and could last up to 15 min. During this phase, the patient was asked to pedal at a rate of 60 revolutions per minute, and the system automatically provided an increased load of 1 watt every 3 s. The test finished when the patient stopped due to exhaustion or when he or she reached 15 min of exercise. The patient was monitored for continuous peripheral oxygen saturation and by continuous blood pressure measurements and a recorded electrocardiographic series.
Most of the patients (85%) performed both tests on the same day, separated by at least 2 h of rest. The remaining patients performed the stair-climbing test during the first outpatient consultation (it was used to assess the patient's operability); they performed the ergometric bicycle test the day of admittance for surgery. The maximum time spent between both tests was 3 weeks. In both situations, the patients' weight was measured before testing.
Variables collected
General demographic data for the patients were recorded. The amount of exercise performed at every test (power) was calculated in watts as a measurement of the performed workload. With the new exercise test, the system automatically provides the number of reached watts (Watt 2). The amount of exercise performed during the stair-climbing test was calculated using the following formula [8] :
Reached power ðWatt 1Þ ¼ ðweight ½kg Â 9:8 ½m=s 2
Â reached height ½mÞ=time spent
Statistical analysis
A descriptive analysis of the demographic data is presented. To analyse the agreement between the attained power for each test, a Bland-Altman plot was constructed and the PitmanMorgan test was performed to calculate the probability that the differences between the variances of the mean power output and the values of the two power outputs (Watt 1 and Watt 2) were due to chance. Second, to evaluate the performance of each test (Watt 1 and Watt 2) in terms of the age of the patient, a correlation analysis was performed. Finally, a linear regression model was developed. In it, the power attained during the symptom-limited stair-climbing test (Watt 1) is the dependent variable, and the Watt 2 and the age of the patient are the independent variables.
RESULTS
A total of 34 patients (25 men) were recruited. All of them completed both tests. The mean age of the participants was 65.3 ± 10.6 years (range: 41-84), and the mean weight was 72.7 ± 12.5 kg (range: 55-100 kg). Functional respiratory data are shown in Table 1 .
Patients performed more exercise during the stair-climbing test than on the ergometric bicycle: 227.2 ± 82.7 watts vs 63.9 ± 19.6 watts, respectively (Pitman-Morgan test P = 0.96) (Fig. 1) . Per the correlation analysis, the age of the patient influenced the amount of power reached on both tests but its influence was greater on the stair-climbing test (Pearson coefficient of the stair-climbing test and age: -0.72; them Pearson coefficient of the ergometric bicycle test and age: -0.52) (Fig. 2) .
On linear regression analysis (Table 2) , both variables (age and Watt 2) were highly predictive for the maximum power reached on the stair-climbing test (R 2 of 0.79, P < 0.001). Plotted values of the watts reached on the stair-climbing test (real versus linear model prediction) are shown in Fig. 3 . [1] have different limitations: (i) The stairclimbing test is not universally accepted due to technical and logistic difficulties that include lack of high enough stairs in the hospital building and the need for staff members to climb along holding resuscitation equipment for safety reasons and (ii) The walking shuttle test, although initially suggested by the British Thoracic Society [9] with a low of evidence level (2+), tends to underestimate the exercise capacity of patients with poor general function [10] . In addition, no clear relationship with postoperative complications has been demonstrated [11] .
DISCUSSION
Important safety issues have been raised about the stairclimbing test because the patient is performing a stressful test out of a controlled environment where unexpected stumbles, slips or cardiac events can occur. In our experience, four important events occurred that encouraged us to find an alternative place for the test. Two patients fell because of a missed step. No important consequences occurred because the falling occurred in the landing of the stairs. One elderly patient lost balance and was about to fall backwards. This incident did not have any adverse consequences because the person accompanying the patient was able to stop the patient from falling. Finally, another patient suffered a sudden AF (atrial fibrilation) episode. The diagnosis was made looking at the pulse-oximeter. Because the situation allowed us to do so, the team sat down in the middle of the stairs until the patient's pulse was slower and the patient could walk safely to the next stair landing, where a colleague was waiting with a wheelchair. None of these patients were included in the presented data. In our opinion, these are real-life situations that should be avoided.
The test we implemented in this study is a continuous incremental protocol. One of its advantages is that both the increments and the power measurements are provided automatically by the system, thereby providing standardized conditions for all patients. It is known that both gradual and continuous increase of load in ergometric tests produces comparable results in terms of maximal reached heart rate and maximal workload [12] . Mean + 1.96SD Figure 1 : Bland-Altman plot; Pitman-Morgan test P = 0.96. According to this analysis, the two methods designed to measure the performed exercise show a good correlation. The plot shows that all but two measures are within the mean ± 1.96 SD, indicating that the measures are equivalent for most of the patients and that no fixed or proportional bias is present in the analysis.
Nevertheless, continuous incremental protocols produce a better linear response to exercise, lessening the tendency to overpredict the estimated metabolic equivalent level compared to that observed in gradual incremental protocols [13] . Furthermore, a continuous increment, especially when using the cycle ergometer, is better tolerated by patients with a low-exercise capacity because it allows them to perform the test for a longer period [14, 15] , which provides insight into their capacity to adjust to changes in metabolic demand. The transition from the mechanically braked cycle ergometers to those in which resistance is electronically applied facilitated the development of these continuous incremental protocols. In these protocols, we observed a linearity with the VO 2 response both below and above the ventilator threshold, with an unequivocal, reproducible response of the ventilator threshold and a similarity of work efficiency, time constant for VO 2 kinetics, ventilator threshold and peak VO 2 compared with a 15 W/min incremental test in the same individuals [16] . Since the results of applying both protocols are close but not similar, most authors [12] [13] [14] [15] [16] recommend the use of continuous incremental protocols for clinical testing. The fact that exercise on the ergometric bicycle is less influenced by the patient's age is another important advantage. From midlife onwards, patients are not comfortable moving on the stairs because balance, strength and coordination are progressively lost [17] . This difficulty disappears when the person works on a static ergometer. Besides, both recommended tests (symptom-limited stair climbing and shuttle walking) have a common problem: They classify patients as low-or non-low risk, assuming that patients of both sexes and of any age are able to achieve the same exercise capacity. Some studies indicate that this is not true [18, 19] , that women and older patients have lower exercise capacity than men and younger patients. Future refinements of any preoperative evaluation should be based on this fact and probably should define different cut-off points for different subsets of patients.
We found that exercises performed on the ergometer and on the stairs were equivalent. Yet, we should prove the capacity of this new test to identify patients with the potential to develop complications as has been done with the stair-climbing test [2] . At present, this task is becoming more and more difficult because the rates of postoperative complications and especially of mortality have largely decreased in recent years. According to the 2016 ESTS Database Silver Book Report [20] , when comparing un-adjusted mortality rates from two periods (2007-11 vs 2012-15) , hospital mortality rates after lobectomy have decreased from 4.1 to 2.1%, rendering postoperative death an unpredictable event in correctly evaluated patients. The first limitation of the study is the number of patients in the analysis. Nevertheless, ours is a representative series of cases because it includes patients of a broad range of ages, the oldest being 84 and 10 out of 34 of whom were younger than 61 years old. Mean age in the series is comparable to that in the ESTS 2016 Database Report [20] , including the same proportion of patients between 61 and 70 years of age (31.1 vs 32.35%). The second limitation is related to the capacity to pedal regularly to complete a valid test. All of the patients in this series had previous experience riding bicycles (although most of them had not practiced for years) and all were physically able to get on and ride the bicycle. Patients having functional limitations and disabilities should be evaluated by different appropriate submaximal tests [4] . Finally, 5 out of 34 patients (15%) had their exercise testing performed on different days. These patients received ordinary instructions at the preoperative consultation to increase their daily activity and to try to stop smoking. These modifications were not recorded, and it is impossible to know their possible influence.
In conclusion, this simple test on an ergometric bicycle shows a high correlation to the widely accepted stair-climbing test when workload results are corrected by the patient's age. Thus, this simple test could replace the stair-climbing test with the advantage that it can be conducted in an environment that is safe for the patient. Nevertheless, its reliability for risk prediction needs to be adequately evaluated in future studies.
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